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INTRODUCTION 
 
  
1  
 Objective of Research 
To compare the amount of root resorption, total bacterial count, Streptococcus mutans (S. 
mutans) count and periodontal health levels between clear aligners, self-ligating and 
conventional orthodontic brackets appliance systems after 9 and 18 months of orthodontic 
treatment in a randomized clinical trial. 
Review of Literature 
In recent years, demographics of the orthodontic patient population has changed dramatically, as 
more and more adult patients are seeking orthodontic treatment, resulting in increase in the 
demand of esthetic alternatives to conventional fixed stainless steel appliances.1 Some negative 
issues associated with conventional fixed orthodontic appliances for treatment are: 
unaesthetic appearance of brackets especially for adult patients, many of whom are unwilling to 
wear braces, conventional systems compromise the ability of the patient to maintain good oral 
hygiene; increased risk of periodontal breakdown due to constant accumulation of plaque 
around the brackets, wires and ill-fitting bands;2 3 many follow-up visits required for appliance 
reactivation and adjustment if the teeth do not move as desired; iatrogenic root resorption, a 
major medico-legal concern also poses significant problems for the clinician. 4 
Development of dental plaque has been associated with several environmental and individual 
factors including diet composition, 5 6 oral hygiene, 7 fluoride exposure, 8 quality of saliva, 
composition of the oral microflora and immune factors. 9 10 Bonded orthodontic brackets 
hinder access for good oral hygiene and often create shelters for microbial accumulation, 11 12 
resulting in plaque buildups as soon as the band and brackets are placed onto the teeth and peak 
at the 3rd month from the start of orthodontic treatment, followed by decrease from the 6th 
month after the placement of fixed appliances. 13 After debonding, although the number of 
colony forming units in supra-gingival plaque decreases after 3 months, colony forming units in 
the sub-gingival region remain elevated as compared to the baseline, indicating that the 
changes induced by orthodontic treatment are partially irreversible. 14 Increased plaque 
accumulation has been associated with undesirable sequellae such as white spot lesions, 
gingival inflammation and gingival bleeding. 15-17 18. Multi-bracket appliance therapy often 
results in an increase i n the number of Streptococcus species, particularly Streptococcus mutans 
2  
 and Streptococcus sobrinus in the plaque, which are associated with enamel demineralization 
and thus developing white spot lesions (WSL) when compared to the general population. 19 20 
21 WSL may not completely disappear even after 14 years of natural re-mineralization 
processes. 22 Recent developments such as self-ligating brackets and clear aligners have tried to 
address these concerns. 23 24 
Self-ligating brackets were introduced into orthodontics with a claim that they would be 
associated with less plaque accumulation 25 as there is no need for elastomeric ligature. A short 
term (5 weeks duration) study conducted by Pellegrini 26 used a split mouth design to compare 
the oral hygiene with self-ligation brackets versus conventional brackets, and found that self-
ligating appliances reduce the amount oral bacteria retention.  Buck et al. 27 conducted a similar 
study spread over 1 year duration and found no differences in retention of plaque bacteria or 
white spot lesions comparing different bracket types. Various similar studies have reported no 
significant difference between conventional and self-ligating brackets for white spot lesions 28, 
salivary S. mutans count levels 29 and plaque bacteria levels. 30 31 
Clear aligners combine the characteristics of fixed and removable appliances.  Ideally they 
should be worn the whole day, but they can be removed to perform brushing and flossing as 
efficiently as possible by a person without any orthodontic appliance. Almost all day long 
coverage of all teeth surfaces can result in increased accumulation of soft matter, which could 
lead to sub-chronic inflammation. Low et al. 32 found that colonization starts at the raised 
edges or textured surfaces of the appliance and recessed and sheltered areas of the appliance, 
such as the cusp tips and attachment dimples; these areas harbored more biofilm than the flat 
surfaces. Also, margins of aligners, almost never perfectly smooth, can irritate the marginal 
gingiva. All day long wearing of clear aligners/thermoplastic retainer can make oral conditions 
more conducive to S. mutans and Lactobacillus colonization and result in an increase in the S. 
mutans colonies. 33  Schaefer and Braumann 34 reported that over an 8 month duration of use of 
the clear aligners caused only minimal impairment of overall oral health and the associated 
quality of life, and did not find it effective to recommend the adjunctive use of a low-dose 
chlorhexidine mouthwash during treatment with clear aligners. Miethke et al. 35 36 compared the 
periodontal health with treatment by clear aligners to conventional appliances and clear aligners 
with lingual appliances over 3 months duration and found that the clear aligner system may be 
3  
 better for the oral hygiene with lower plaque scores and probing depths. Karkhanechi et al. 37 
compared removable aligners to conventional appliances for a duration of one year and 
concluded that the treatment with fixed buccal orthodontic appliances is associated with 
decreased periodontal status and increased levels of periodontopathic bacteria when compared 
to treatment with removable aligners.  
Orthodontic induced inflammatory root resorption (OIIRR) is an undesirable byproduct of 
orthodontic treatment that results in permanent loss of the dental structure at the root apex. 38 
More than one third of patients under fixed appliance treatment have root resorption greater 
than 3mm while severe root resorption (>5mm) can occur in 2% to 5% of the population. 39 40 41 
It appears that root resorption results from a combination of individual biologic variability, 
genetic predisposition, and mechanical factors. Although individual patient susceptibility 
is considered a major factor in determining root resorption potential, some of the orthodontic 
treatment related risk factors include: treatment duration, 4 42 43 44 magnitude of applied force, 
45 46 47 direction of tooth movement, 48 49 50 amount of apical displacement, 43 51 and t y p e  
of force application (continuous vs intermittent, type of appliance and treatment technique). 
52 53 When OIIRR extends beyond the cementum layer into the dentin, it is irreversible. 
Extensive orthodontic root resorption compromises the benefits of an otherwise successful 
orthodontic outcome. 
Removable appliances do not apply a continuous force to teeth as do fixed appliances, 
therefore the later are more detrimental to the roots of anterior teeth than removable 
appliances like activators and spring plates. 54 55 Studies in the literature have also investigated 
the relationship between interrupted or discontinuous forces with continuous forces and 
OIIRR. 52 53 56 A pause in tooth movement is believed to allow the resorbed cementum to 
heal, showing that discontinuous forces cause less root resorption. 57 The Clear Aligner 
treatment technique belongs to this category of removable appliance treatment modalities. It 
applies intermittent forces to the teeth just as do most active removable appliances. 
Unfortunately, the force levels produced by clear aligners are difficult to measure. However, 
it can be assumed that since each aligner is designed to move the teeth up to 0.2 mm every 
14 days, 58 59 the force levels the teeth experience would be in the lower range of orthodontic 
forces. In view of these studies it can be hypothesized that clear aligners might provide the 
4  
 opportunity, although limited, for resorbed cementum to heal due to the discontinuous force 
applied. 
5  
 The Invisalign system is the most commonly used Clear Aligner system used in orthodontics, 
used by well over 300,000 people worldwide, and its popularity continues to grow. 59 60 In a 
recent survey of more than 65 US orthodontic residency programs, 84.06% of the residents 
reported that they plan to use ‘invisalign’ for treating their patients. 61 However this increasing 
popularity needs to be supported by substantial scientific evidence through controlled clinical 
trials highlighting the efficacy, biological compatibility and patient satisfaction with this 
appliance system. 24 62 To date published data have primarily included case reports, 
commentaries, material studies, surveys, descriptive technical articles and retrospective cohort 
studies and only a handful of clinical trials. In such a scenario it is imperative to find an 
optimized evidence-based treatment strategy that leads to predictable outcomes with complete 
patient satisfaction during and after treatment while minimizing the risk for periodontal 
breakdown. 
6  
 RATIONALE 
Maintenance of oral hygiene, control of plaque, and orthodontic induced inflammatory root 
resorption are major problems in orthodontic patients. Measures to prevent such harmful 
effects on dental tissues during the course of orthodontic treatment should be an integral part 
of the orthodontic treatment plan. Thus the question arises: Is treatment with a clear aligner 
system superior or inferior to conventional and self-ligating fixed appliances as far as 
periodontal health and amount of root resorption is concerned, in the long term?  There has been 
little research to analyze the periodontal response and amount of root resorption occurrence 
with this appliance and compare it to traditional fixed appliances including self-ligating 
brackets. 
NULL HYPOTHESIS 
There is no difference in the amount of root resorption, microbial colonization and periodontal 
health status between clear aligners, self-ligating brackets and conventional brackets.   
 Specific Aims: 
The following three aims will be performed to compare the three different appliance systems: 
SA-1: To evaluate the periodontal health of the patients with the different appliance systems.  
SA-2: To determine the changes in S. mutans and total bacterial counts contained in the plaque 
of patients treated with clear aligners, self-ligating brackets and conventional brackets. 
SA-3: To determine the amount of orthodontic induced inflammatory root resorption 
caused by treatment by clear aligners, self-ligating brackets and conventional brackets.
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 STUDY DESIGN 
This study was a prospective randomized clinical trial. The project was approved by the 
Institutional Review Board of University of Connecticut Health Center (IRB# 12-025-2). 
Sample size 
From previous studies, it was inferred that a mean colony forming unit (CFU) difference 
of approximately one log (standard deviation (SD) = approximately 1) would result in a 
clinically significant increase in S. mutans counts. Therefore the sample size of 15 patients per 
group, at ᾳ = 0.05, yielded a statistical power of approximately 0.80 for this study. To account 
for a 10-20% patient drop out and data loss due to other unavoidable circumstances, we 
enrolled 60 patients for this study. 
 
Patient selection 
The patients were selected from the Division of Orthodontics, Department of Craniofacial 
Sciences, University of Connecticut Health Center. The following were the inclusion criteria; 
1. Nonextraction treatment plan. 
2. There should be less than 8mm of anterior crowding. 
3. Patients should have all permanent teeth present, except third molars. 
4. Demonstrable ability to maintain adequate oral hygiene. 
5. Show optimum dental health without immediate need for restorations. 
 
The following were the exclusion criteria: 
1. Skeletal anterior-posterior discrepancies between the maxilla and mandible (ANB ≥ 5°). 
2. Centric relation (CR) - Centric occlusion (CO) discrepancies of greater than 3 mm. 
3. Anterior or posterior open bites. 
4. Patients who are pregnant, diabetic or using mouth rinses or interacting medications, 
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 including antibiotic therapy. 
5. Presence of impacted teeth. 
6. Presence of pretreatment white spot lesions. 
7. Presence of active periodontal disease as evidenced by attachment loss.  
 
The patients who fulfilled the above criteria were randomly assigned to one of the treatment 
groups outlined below: 
• Group 1 (G1): Patients receiving treatment with clear semi-elastic polyurethane aligners. 
• Group 2 (G2): Patients receiving treatment with self-ligating brackets.  
• Group 3 (G3): Patients receiving treatment with conventional preadjusted edge wise 
brackets.  
At the patient’s regular records appointment, the primary investigator (S.A.) screened the patient 
to evaluate if the patient satisfied the inclusion criteria for the study. Upon satisfaction of the 
inclusion criteria, informed consent was signed by the subject. If the subject was under the age 
of 18, informed consent was also obtained from the parent. 
10 
 
 RANDOMIZATION SEQUENCE AND ALLOCATION 
Randomization sequence was generated by using a PC based software “Random 
Allocation Software”. Random sequences in blocks of 15, 9, 6 and 3 were generated to ensure 
even distributions of the patients in all the 3 groups. 
 
A second set of random sequence was generated in blocks of 2, 4, 6 and 8 for 
randomization of right or left side. So, each patient was allocated to one group i.e. G1, G2, 
G3 and either right side or left side. For example patient number 34 was G 2 left side, so 
the patient was allocated to t h e  self- ligating group and his/her maxillary left lateral 
incisor and second premolar was used for clinical and radiographical examination. 
 
The randomization sequence was held by the supervising faculty member. Once the patient/ 
parent agreed to be a part of the study and signed the consent form, the supervising faculty 
member disclosed to which group that particular patient was assigned. 
 
UNIT OF ANALYSIS AND OBSERVATION 
 
Periodontal measurements were recorded specifically for the maxillary lateral incisor as a 
representative tooth for the anterior segment and maxillary second premolar as the 
representative tooth for the posterior segment. Computer generated random numbers 
randomized the right and the left sides of the maxilla for selecting the experimental side. 
Measurements were taken at three different time intervals: 
T0: Before treatment 
T1: 9 months after commencement of treatment 
T3: 18 months of active orthodontic treatment or debonding, whichever is earlier. 
Prior to the start of the research, all patients received standardized oral hygiene instruction to 
ensure a healthy periodontium. This included twice daily brushing with conventional and inter-
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 dental brushes with fluoridated tooth paste. Use of fluoride mouth wash was not recommended. 
Then baseline values for gingival index, plaque index and bleeding on probing were obtained. 
Periapical radiographs for experimental lateral incisor and 2nd premolar were taken as well.  
 
Patients in group 3eceived pre-adjusted edgewise stainless steel brackets, 0.022” slot MBT 
prescription (3M Unitek, St.Paul, Minnesota, USA.) and a non-fluoride releasing, no-mix light 
cure bonding resin (Transbond, 3M Unitek, St. Paul, Minnesota, USA). All the permanent teeth 
in the arch were bonded except the 1st molars which were banded. 
 
All research data were identified by unique identifier (Patient1, Patient 2 …) that contained no 
protected health information (PHI). Specifically, all data collected from the experiments were 
not associated with patient’s name, medical ID number, or any other identifier which could 
readily identify the patient. All patients’ data that were gathered were transferred immediately 
to a secure database where the data could be identified only by unique identifiers that were 
created for each patient. The list that coded the unique identifiers to the patient names was 
maintained in a secure, locked location that was separate from the data and could be viewed 
only by approved, qualified research personnel. At the completion of the study, the list was 
decoded to analyze the data. All electronic data were stored in a password protected computer 
with backup file which could be accessed only by the principal investigator, primary investigator 
(SA) and research advisors. 
At T0, T1, T2 (at the day of appointment, 9 months and 18 months or debonding, whichever 
was earlier) the swabs from the lateral incisor and premolar were taken by the primary 
investigator (SA) and placed in two separate containers containing 1000 µl normal saline and 
labeled left and right for future microbiological testing. The swabs were taken to the lab for 
microbiological testing within 2 hours of collection. The microbiological measurements of 
total bacterial and S. mutans counts were conducted again by the blinded primary investigator 
(SA). Microbiological plating was done by the primary investigator (SA). S. mutans counts 
were performed under the light microscope using high intensity illumination (Fiber lite series 
180. Dolan Jenner Industries Inc). Total bacterial counts were performed under natural lighting 
condition.  
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UNIT OF ANALYSIS AND OBSERVATION 
Specific aim #1: Measuring the periodontal status 
Goal 1: Measuring the Gingival Status 
The gingival index (GI) developed by Löe and Silness 63 was used. Measurements were made at 
the maxillary right or left lateral incisor representative of the anterior segment of teeth and 
maxillary right or left 2nd premolar representative of the posterior segment of teeth. Grades of 
the severity of gingivitis were scored by clinical inspection based on the size, color, and texture 
of the gingival margin adjacent to the bracket and bleeding on probing. All clinical 
measurements were performed by two examiners (SA and MU) calibrated to a single examiner. 
The scoring criteria were as follows: 
 
 
 
Goal 2: Measuring the Plaque Index (PI) 
The PI 
64 was assessed according to the plaque accumulation in the gingival area in four grades 
by guiding a probe gingivally over the buccal surface of the selected teeth. Measurements were 
made at the maxillary right or left lateral incisor representative of the anterior segment of teeth 
and maxillary right or left 2nd premolar representative of the posterior segment of teeth. All 
clinical measurements were performed by two examiners (SA and MU) calibrated to a single 
examiner. Scoring criteria were as follows: 
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Goal 3: Measuring the papillary bleeding index (PBI) 
Bleeding on probing (BOP) tendency will be measured at the proximal buccal side of the 
selected teeth, 20 seconds after probing the depth of the pocket/gingival sulcus using a manual 
(Goldman-Fox, Hu-Friedy Mfg Co., Inc., Chicago, IL) periodontal probe. All clinical 
measurements were performed by two examiners (SA and MU) calibrated to a single examiner. 
Measurements were made at the mid facial, mid lingual, and buccal line angles of the maxillary 
right or left lateral incisor representative of the anterior segment of teeth and maxillary right or 
left 2nd premolar representative of the posterior segment of teeth. Scoring criteria were as 
follows: 
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 Specific aim #2: Estimating the total bacterial and S. mutans count in the plaque sample. 
Goal 1: Collection of plaque specimen 
After isolating the teeth from saliva with cotton rolls and gently drying them to prevent 
contamination, the supra-gingival plaque was carefully removed without traumatizing the 
gingiva, as this could increase the production of gingival crevicular fluid. 65 For the plaque-
sampling, the investigator used a standardized protocol to collect specimens at all the three 
intervals (T0, T1and T2). Plaque specimens were collected from the labial surfaces immediately 
surrounding the orthodontic brackets with a sterilized dental scaler with the same tip 
dimensions (#8/9 Orban DE hoe scaler, Hu-Friedy, Chicago, Ill). Because the area of increased 
decalcification is generally immediately adjacent to the brackets, a four-pass technique 66 was 
used to move the instrument tip around the circumference of the bracket at the bracket-tooth 
interface after removing the archwire (Figure 1) at T1 and T2 in conventional and self-ligating 
groups. Four passes, 1 each along the tooth at the bracket interface at the gingival, mesial, 
distal, and occlusal aspects, were made to avoid overloading the instrument tip. For the Clear 
aligner group, a single circular stroke around the center of the clinical crown was made. All 
specimens from each tooth were placed into individual tubes with anonymous coding and 
sealed for transport to the laboratory. 
Goal 2: Microbial sampling 
After isolating the teeth from saliva with cotton rolls and gently drying them to prevent 
contamination, the supragingival plaque was carefully removed by means of sterile swabs 
(Kendall Curity single tipped applicators) without traumatizing the gingiva, as this would 
increase the production of gingival crevicular fluid. The samples collected from the patients 
underwent the prescribed microbiological analysis as outlined below. A sterile cotton swab was 
used on the selected teeth (the upper lateral incisor and 2nd premolar) in two separate sterile 
Eppendorf test tubes labeled L (lateral) and P (Premolar) containing 1000 µl of normal saline 
and taken to the microbiology lab labeled with the patient code. The samples were then 
vortexed for 40 seconds before doing serial dilutions. Then 1000 µl was submitted to tenfold 
serial dilution in 900 µl of normal saline. After each serial dilution the test tubes were vortexed 
for 10 sec. One hundred microliters of supernatant was then plated onto trypticase soy agar 
15  
 supplemented with 5% sheep blood (BBL) for total bacterial evaluation and mitis salivarius 
agar for S. mutans evaluation. The samples were processed within 2 hours and the plates were 
incubated for 36 hours at 37°C. The number of total bacterial colonies and S. mutans colonies 
were identified and counted and represented the total recoverable facultative flora. To calculate 
the bacterial and S. mutans counts from the diluted plates back to baseline undiluted values, 
the measurement obtained from the diluted plate was multiplied by 10n (n = number of the 
serial dilution). 
 
Specific aim # 3:  
For each patient, periapical films of the maxillary incisors and 2nd premolars were taken at two 
different time points T0, and T2). All the periapical films were developed under similar 
conditions (Dentax 810 Basic), scanned with a ruler to a computer, calibrated and measured in a 
1:1 ratio with Adobe Photoshop software (Adobe, San Jose, CA) for measurement purposes.  
Goal 1: Measuring root resorption. 
Root and crown length were measured with a sliding caliper to the nearest 0.1 mm The 
enlargement factor of the second film was adjusted to the first film in each case by reference 
to the registered crown length, which is assumed to be unchanged by  orthodontic treatment. 
We used the ‘rule-of-three formula 67 to calculate root length changes due to orthodontic 
treatment. It is assumed that during orthodontic treatment the crown length does not 
change (unless it is fractured).  Therefore, t he ratio between the initial crown length (C1) and 
the final crown length (C2) determines the enlargement factor. If no changes occurred in 
the root length during treatment, the ratio between the initial root length (R1) and the final 
root length (R2) should be equal to the C1/C2 ratio. If during treatment the root was 
shortened, the amount of OIIRR is R1-R2*(C1/ C2) (Figure 2). 
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 STATISTICS 
 
Data were statistically analyzed using a commercially available statistical software package 
(SPSS Inc, Chicago, USA). Kolmogorov-Smirnoff and Shapiro Wilk tests were used to assess the 
normality of the data (Tables 2, 7, and 14). Since the data were not normally distributed, 
comparisons between the three groups were undertaken using the Kruskal Wallis one way 
analysis of variance (ANOVA), treating appliance type as a between-subjects factor and change 
in treatment outcomes as a within subjects factor to evaluate overall differences in treatment 
outcomes as a function of application type.  Further Mann Whitney tests were used to perform 
the post hoc analysis. The P value was set at .05. 
 
RELIABILITY TEST 
 
S. mutans counts and total bacterial counts were done by one examiner (SA). All plates were 
recounted to find the intra-examiner reliability.  
 
For root resorption, 20 random measurements were re-measured after one week of duration to 
calculate intra-rater reliability.  
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RESULTS 
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The treatment changes for each measurement have been calculated by subtracting the post-
treatment measurements from the pretreatment. Measurements which show a positive sign are 
synonymous with an increase in the bacterial/ S. mutans counts, and a worsening of the 
periodontal health while a negative value indicates a reduction in the bacterial/ S. mutans 
counts or an improvement in the periodontal health parameters. 
 
Pretreatment Baseline Demographic Comparisons: 
 
The demographics of the study sample; i.e., the patient age and sex, are reported in Table 1.  
There was a significant difference in the ages of the three groups (p = .02) with G1 being 
significantly older (21.44 SD 11.62) as compared to G2 (14.82 SD 4.26) and G3 (14.47 SD 3.99) 
(Table 1), and there were more males than females in the three groups. There was no significant 
difference for the treatment intervention duration for the three groups between different time 
points T1-T0 (p = 0.45), T2-T1 (p = 0.43), and T2-T0 (p = 0.20) (Table 1).  
 
Microbiological:  
Test for normality showed numerous baseline data were not normally distributed (Table 2).  
 
Total Bacterial Changes in Premolar: 
Baseline comparison showed that Total Bacterial Counts for premolar were not significantly 
different among the three groups (Table 3). 
 
Change between T1-T0 
For premolar region, Total Bacterial Count reduced in G1 (-194391.75 SD 803892.341) but 
increased in G2 (2795979.38 SD 9334776.413) and G3 (645382.63 SD 1646476.829). The 
Kruskal- Wallis analysis showed a significant difference in the change in the Total Bacterial 
Count between T0 and T1 (p = 0.03). Mann Whitney post hoc analysis revealed that this change 
was statistically different between G1 and G2 (p = 0.024) and between G1 and G3 (p = 0.031), 
whereas there was no difference between G2 and G3 (p = 0.716).  
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 Change between T2-T1 
For premolar region, Total Bacterial Count increased in G1 (465640.83 SD 1317229.071) and 
G3 (397126.32 SD 1754311.079) but reduced in G2 (-2514388.67 SD 9087741.427). The 
Kruskal-Wallis analysis showed no significant difference in the change in the Total Bacterial 
Count between T1 and T2 (p = 0.41). 
 
Change between T2-T0 
For premolar region, Total Bacterial Count increased in all three groups, G1 (271249.08 SD 
1533372.618), G2 (457989.33 SD 2159795.388) and G3 (1042508.95 SD 1066876.002). The 
Kruskal-Wallis analysis showed no significant difference in the change in the Total Bacterial 
Count between T2 and T0 (p = 0.10). 
 
S. mutans Changes in Premolar: 
Baseline comparison showed that S. mutans counts for premolar were not significantly different 
among the three groups (Table 4). 
 
Change between T1-T0 
For premolar region, S. mutans count reduced in G1 (-29015.21 SD 431018.467) but increased in 
G2 (73767.06 SD 191890.816) and G3 (158496.84 SD 649465.968). The Kruskal-Wallis 
analysis showed a significant difference in the change in the S. mutans count between T1 and T0 
(p = 0.04). Mann Whitney post hoc analysis revealed that this change was statistically different 
between G2 and G3 (p = 0.031) and between G1 and G3 (p = 0.031), whereas there was no 
difference between G1 and G2 (p = 0.4).  
 
Change between T2-T1 
For premolar region, S. mutans count reduced in G1 (-27862.79 SD 199132.449), G2 (-42353.07 
SD 153591.600) and G3 (-73447.37 SD 653210.153). The Kruskal-Wallis analysis showed no 
significant difference in the change in the S. mutans count between T2 and T1 (p = 0.58). 
 
Change between T2-T0 
For premolar region, S. mutans count reduced in G1 (-56878.00 SD 379777.971) but increased in 
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 G2 (36501.13 SD 124878.963) and G3 (85049.47 SD 157272.159). The Kruskal-Wallis analysis 
showed a significant difference in the change in the S. mutans count between T2 and T0 (p = 
0.04). Mann Whitney post hoc analysis revealed that this change was statistically different 
between G2 and G3 (p = 0.05) and between G1 and G3 (p = 0.017, whereas there was no 
difference between G1 and G2 (p = 0.954). 
 
Total Bacterial Changes in Lateral incisor: 
Baseline comparison showed that Total Bacterial Counts for lateral incisor were not significantly 
different among the three groups (Table 5). 
 
Change between T1-T0 
For lateral incisor region, Total Bacterial Count reduced in G1 (-1829164.21 SD 8337114.935) 
but increased in G2 (504409.31 SD 1878663.888) and G3 (3947005.21 SD 9562097.929). The 
Kruskal-Wallis analysis showed no significant difference in the change in the Total Bacterial 
Count between T0 and T1 (p = 0.13). 
 
Change between T2-T1 
For lateral incisor region, Total Bacterial Count increased in G1 (1954486.67 SD 4781990.910) 
and in G2 (425095.33 SD 1721875.568) and reduced in G3 (-3588647.37 SD 10493588.367). 
The Kruskal-Wallis analysis showed no significant difference in the change in the Total 
Bacterial Count between T2 and T1 (p = 0.13). 
 
Change between T2-T0 
For lateral incisor region, Total Bacterial Count increased in all three groups with G1 (125322.46 
SD 7059856.877), G2 (1202198.60 SD 2130288.175) and G3 (358357.84 SD 2043525.739). The 
Kruskal-Wallis analysis showed no significant difference in the change in the Total Bacterial 
Count between T2 and T1 (p = 0.38). 
 
S. mutans Changes in Lateral incisor: 
Baseline comparison showed that S. mutans counts for lateral incisor were not significantly 
different among the three groups (Table 6). 
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Change between T1-T0 
For lateral incisor region, S. mutans count increased in all three groups with G1 (89385.67 SD 
435766.075), G2 (62924.38 SD 414822.064) and G3 (814168.63 SD 3279700.828). The 
Kruskal-Wallis analysis showed no significant difference in the change in the S. mutans counts 
between T1 and T0 (p = 0.06). 
 
Change between T2-T1 
For lateral incisor region, S. mutans count decreased in G1 (-36159.25 SD 508275.370), 
decreased in G2 (10379.67 SD 124533.136) and increased in G3 (-776821.42 SD 3182703.994). 
The Kruskal-Wallis analysis showed no significant difference in the change in the S. mutans 
counts between T2 and T1 (p = 0.89). 
 
 
Change between T2-T0 
For lateral incisor region, S. mutans count increased in   G1 (53226.42 SD 272701.538), 
decreased in G2 (76965.67 SD 374183.429) and increased in G3 (37347.21 SD 107042.361). 
The Kruskal-Wallis analysis showed no significant difference in the change in the S. mutans 
counts between T2 and T0 (p = 0.41). 
 
Periodontal Status:  
Test for normality showed numerous baseline data were not normally distributed (Table 7).  
 
Gingival Index of Premolar: 
 
Baseline (T0) comparison showed that Gingival Index of Premolar (p = .001) was significantly 
different among the three groups (Table 8). Mann Whitney post hoc analysis revealed that this 
Gingival index at T0 for premolar was higher in G1 (mean 0.42 SD 0.504) than G2 (mean 0.13 
SD 0.342) and G3 (mean 0.05 SD 0.229), with a statistically significant difference between G1 
and G3 (p = 0.007), whereas there was no difference between G1 and G2 (p = 0.052) and G2 and 
G3 (p = 0.0453). 
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Change between T1-T0 
For premolar region, Gingival Index increased in all groups with G1 (.08 SD .504), G2 (.88 SD 
.719) and G3 (1.16 SD .834). The Kruskal-Wallis analysis showed a significant difference in the 
change in the Gingival Index between T0 and T1 (p = 0.00). Mann Whitney post hoc analysis 
revealed that this change was statistically different between G1 and G2 (p = 0.001) and between 
G1 and G3 (p = 0.0), whereas there was no difference between G2 and G3 (p = 0.325).  
 
Change between T2-T1 
For premolar region, Gingival Index increased in G1 (.25 SD .532), decreased in G2 (-.07 SD 
.594) and G3 (.11 SD .994). The Kruskal-Wallis analysis showed no significant difference 
among the groups (p= 0.36).  
 
Change between T2-T0 
For premolar region, Gingival Index increased in all groups with G1 (.33 SD .637), G2 (.87 SD 
.834) and G3 (1.26 SD .653). The Kruskal-Wallis analysis showed a significant difference in the 
change in the Gingival Index between T2 and T0 (p = 0.00). Mann Whitney post hoc analysis 
revealed that this change was statistically different between G1 and G2 (p = 0.024) and between 
G1 and G3 (p = 0.0) whereas there was no difference between G2 and G3 (p = 0.081).  
 
Plaque Index of Premolar: 
Baseline (T0) comparison shows that Plaque Index for Premolar was not significantly different 
among the three groups (Table 9).  
 
Change between T1-T0 
For premolar region, Plaque Index increased in G1 (.33 SD .565), G2 (.69 SD .946) and G3 (.63 
SD .955). The Kruskal-Wallis analysis showed no significant difference among the groups (p= 
0.48).  
 
Change between T2-T1 
For premolar region, Plaque Index increased in G1 (0.08 SD 0.408), decreased in G2 (-0.33 SD 
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 0.900) and G3 (0.0 SD .816). The Kruskal-Wallis analysis showed no significant difference 
among the groups (p= 0.29).  
 
Change between T2-T0 
For premolar region, Plaque Index increased in G1 (0.42 SD 0.584), G2 (0.40 SD 0.828) and G3 
(0 .63 SD 1.116). The Kruskal-Wallis analysis showed no significant difference among the 
groups (p= 0.60).  
 
Bleeding Index of Premolar: 
Baseline (T0) comparison shows that Bleeding Index for Premolar was not significantly different 
among the three groups (Table 10).  
 
Change between T1-T0 
For premolar region, Bleeding Index increased in G1 (0.08 SD 1.176), G2 (0 .81 SD 1.471) and 
G3 (0 .68 SD 1.057). The Kruskal-Wallis analysis showed no significant difference among the 
groups (p= 0.17).  
 
Change between T2-T1 
For premolar region, Bleeding Index decreased in G1 (0 -.13 SD .850), G2 (-.73 SD 1.163) and 
G3 (0. -.47 SD 1.073). The Kruskal-Wallis analysis showed no significant difference among the 
groups (p= 0.32).  
 
Change between T2-T0 
 
For premolar region, Bleeding Index decreased in G1 (-0.04 SD 0 .859) and increased in G2 (0 
.13 SD 1.506) and G3 (0 .21 SD 1.032). The Kruskal-Wallis analysis showed no significant 
difference among the groups (p= 0.69).  
 
Gingival Index of Lateral Incisor: 
Baseline (T0) comparison showed that Gingival Index of lateral incisor (p = .001) was not 
significantly different among the three groups (Table 11). 
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 Change between T1-T0 
For lateral incisor, Gingival Index increased in all groups with G1 (0.17 SD .637), G2 (.81 SD 
.655) and G3 (1.16 SD 0.834). The Kruskal-Wallis analysis showed a significant difference in 
the change in the Gingival Index between T0 and T1 (p = 0.00). Mann Whitney post hoc analysis 
revealed that this change was statistically different between G1 and G2 (p = 0.006) and between 
G1 and G3 (p = 0.0), whereas there was no difference between G2 and G3 (p = 0.212). 
 
Change between T2-T1 
For lateral incisor, Gingival Index increased in all groups with G1 (.33 SD .637), G2 (.47 SD 0 
.834) and G3 (0.00 SD .667). The Kruskal-Wallis analysis showed no significant difference in 
the change in the Gingival Index between T2 and T1 (p = 0.13). 
 
Change between T2-T0 
For lateral incisor, Gingival Index increased in all groups with G1 (0.50 SD 0.590), G2 (1.33 SD 
.617) and G3 (1.16 SD 1.068). The Kruskal-Wallis analysis showed a significant difference in 
the change in the Gingival Index between T2 and T0 (p = 0.00). Mann Whitney post hoc analysis 
revealed that this change was statistically different between G1 and G2 (p = 0.00) and between 
G1 and G3 (p = 0.022), whereas there was no difference between G2 and G3 (p = 0.566). 
 
Plaque Index of Lateral Incisor: 
Baseline (T0) comparison shows that Plaque Index for lateral incisor was not significantly 
different among the three groups (Table 12).  
 
Change between T1-T0 
For lateral incisor, Plaque Index increased in all groups with G1 (0 .38 SD 0 .647), G2 (0.44 SD 
.512) and G3 (.58 SD 1.017). The Kruskal-Wallis analysis showed no significant difference in 
the change in the Plaque Index between T1 and T0 (p = 0.75). 
 
Change between T2-T1 
For lateral incisor, Plaque Index decreased in G1 (-.08 SD .408), increased in G2 (.27 SD .458) 
and G3 (.16 SD .898). The Kruskal-Wallis analysis showed no significant difference in the 
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 change in the Plaque Index between T2 and T1 (p = 0.18). 
 
Change between T2-T0 
For lateral incisor, Plaque Index increased in G1 (.29 SD .690), G2 (.73 SD .594) and G3 (.74 
SD 1.195). The Kruskal-Wallis analysis showed no significant difference in the change in the 
Plaque Index between T2 and T0 (p = 0.17). 
 
Bleeding Index of Lateral Incisor: 
Baseline (T0) comparison shows that Bleeding Index for lateral incisor was not significantly 
different among the three groups (Table 11).  
 
Change between T1-T0 
For lateral incisor, Bleeding Index decreased in G1 (-.17 SD 1.090), increased in G2 (.19 SD 
1.047) and G3 (.37 SD 1.383). The Kruskal-Wallis analysis showed no significant difference in 
the change in the Bleeding Index between T1 and T0 (p = 0.32). 
 
Change between T2-T1 
For lateral incisor, Bleeding Index increased in G1 (.04 SD .624), increased in G2 (.53 SD .990) 
and G3 (0 .11 SD .809). The Kruskal-Wallis analysis showed no significant difference in the 
change in the Bleeding Index between T1 and T0 (p = 0.24). 
 
Change between T2-T0 
For lateral incisor, Bleeding Index decreased in G1 (-.13 SD .992), and increased in G2 (.80 SD 
1.207) and G3 (.47 SD 1.429). The Kruskal-Wallis analysis showed a significant difference in 
the change in the Bleeding Index between T2 and T0 (p = 0.03). Mann Whitney post hoc 
analysis revealed that this change was statistically different between G1 and G2 (p = 0.009), but 
there was no difference between G1 and G3 (p = 0.106) or between G2 and G3 (p = 0.305). 
 
Root Resorption: 
Base line normality test showed that Lateral incisor crown length at T0 (p= 0.002), lateral 
incisor root length at T0 (p=0.006) and estimated Lateral incisor root length at T0 (p= 0.026) 
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 were not normally distributed at the baseline (Table 14). 
 
Pretreatment Baseline Comparisons: 
Interclass Correlation coefficient (intra-rater reliability) for the various measurements was 0.957. 
The Kruskal-Wallis analysis showed that there was a significant difference among the various 
groups for Maxillary Lateral Incisor (p = 0.032), whereas there was no significant difference 
among the various groups for Maxillary 2nd Premolar (p = 0.543).  
 
Intergroup Comparison: Maxillary Lateral Incisor  
Mann Whitney post hoc analysis revealed that the amount of root resorption was statistically 
smaller in G1 (0.30 ± 0.39 mm) as compared to G2 (0.91 ± 0.94 mm) (p = 0.049) and G3 (0.59 ± 
0.70 mm) (p= 0.022). There was no difference in the amount of root resorption between G2 and 
G3 (p= 0.971) (Table 15). 
 
Overall Root Resorption Comparison:  
The amount of root resorption was significantly higher in Maxillary Lateral incisor (0.60 ±0.80) 
as compared to Maxillary 2nd premolar (0.18 ± 0.11; p= 0.001) (Table 16). 
 
Intra-Group Root Resorption Comparison: 
Within G1:  
There was no significant difference in the amount of root resorption between Maxillary Lateral 
incisor and Maxillary 2nd premolar (Table 16).  
 
Within G2:  
The amount of root resorption was significantly higher in Maxillary Lateral incisor as compared 
to Maxillary Second premolar (p= 0.026) (Table 16). 
 
Within G3:  
The amount of root resorption was significantly higher in Maxillary Lateral incisor as 
compared to Maxillary Second premolar (p= 0.022) (Table 16).  
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DISCUSSION  
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 Conventional orthodontic treatment can result in a number of side effects on oral hard and soft 
tissues, such as gingival and periodontal inflammation, root resorption, white spot lesions, etc.  
Conventional brackets result in difficulty in oral hygiene procedures and create retention areas 
for plaque accumulation, thus increasing the risk for enamel demineralization, caries, gingival 
inflammation, and decreased periodontal health. Dental plaque on tooth surfaces acts as an 
infective agent for dental caries and periodontal inflammation. A correlation between the 
increase of plaque and presence of S. mutans in saliva has been reported. 68 S. mutans had been 
chosen as a representative oral bacterium because it is also found in early plaque and is a 
known important cariogenic agent. 68  For this reason, the evaluation of S. mutans levels 
during any treatment is imperative to understand the caries risk factor. The present study is a 
randomized clinical trial comparing the periodontal health and total bacterial counts, S. mutans 
counts and amount of root resorption with clear aligners and comparing them to self-ligating 
brackets and conventional appliances. 
A base line statistical analysis was performed to assess if the three groups were similar at the 
beginning of treatment for the demographics, periodontal health parameters, total bacterial and 
S. mutans counts. Despite the randomization, significant differences were found at the baseline 
for the mean age in the three groups and gingival index for premolar. The mean age difference, 
with the Clear Aligner group being higher as compared to conventional and self-ligating 
groups, could be due to the numerous drop outs from the clear aligner group (after screening 
and allocation) (Consort Flow Chart, Appendix), because parents though that their children 
might not be responsible enough to wear the aligner for the required minimum of 22 hours 
/day. No other parameter was significantly different in the three groups at the baseline 
measurements. 
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 The total bacterial count in the premolar region decreased in the Clear Aligner group between 
T0 and T1 and increased in both conventional and self-ligating bracket groups, with a significant 
difference between Clear Aligner and self-ligating group only. The S. mutans count in the 
premolar region decreased in the Clear Aligner group between T0 and T1 and increased in both 
conventional and self-ligating bracket groups, with a significant difference between the self-
ligating group compared with conventional group and between the Conventional bracket group 
compared with the Clear Aligner group. This significant difference was also seen during the 
entire observation period from T2 to T0. However, no difference was observed between the 
aligner group and self-ligating group during the entire observation periods. Pelligrini et al. 26 had 
concluded that the use of conventional appliances promote higher retention of plaque bacteria, 
including oral Streptococci, at 1 week and potentially through 5 weeks after bonding compared 
to self-ligating brackets. This observation was similar to ours for a significantly higher change 
in the S. mutans counts in the premolar region for the conventional appliances compared to self-
ligating brackets and clear aligners for the premolar region. This indicates that both Clear 
Aligners and self-ligating brackets may be superior to conventional appliances in regards to S. 
mutans counts; however, there was no difference between Clear Aligners and self-ligating 
brackets. This may be attributed to the fact that the use of elastomeric rings was limited to the 
conventional appliances group and thus there may have been a higher increase in S. mutans 
counts compared to the other two groups. 
 
For the lateral incisor both, the Total Bacterial count and S. mutans count increased in all groups 
with the highest being the in Self Ligating and least being in the Clear Aligner group, but there 
was no statistically significant difference during any observation time points.  Pandis et al. 29 
compared the S. mutans and total bacteria levels in patients with conventional and self-ligating 
brackets for a duration of 3 months and reported no significant differences between the two 
groups. Increased S. mutans count in the lateral incisor region in the Clear Aligner group was 
supported by the observations of Türköz et al. 33 who reported a significant increase in the S. 
mutans counts with 3 months of clear plastic retainer wear. In our study, S. mutans and total 
bacterial levels were distributed in a wide range with high standard deviation values. A similar 
large variability in the total numbers of bacterial counts has been reported by other researchers 
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 26 in their studies which may be attributed to individual influences such as diet, oral hygiene 
habits, and genetic background. 69 70 
 
The gingival architecture scores improved in the Clear Aligner group while they worsened in 
both self-ligating and conventional appliances groups with the highest scores in conventional 
appliances group for premolar as well as for lateral incisor region. This observation was 
significantly different when the Clear Aligner group was compared to both the self-ligating 
group and the conventional bracket group for premolar as well as lateral incisor region. There 
was no difference between self-ligating brackets and conventional brackets groups. Our 
observation was in accordance to the results published by Pejda et al. 31 An increase in the level 
of plaque scores was observed in all three groups for both the lateral incisor and premolar 
region which was not significant when the three groups were compared to each other.  
An increase in the level of plaque scores was observed in all three groups for both the lateral 
incisor and premolar region which was not significant when the three groups were compared to 
each other.  
The bleeding on probing pattern showed decreased scores in the Clear Aligner group, for both 
premolar and lateral incisor region. Both the conventional bracket group and the self-ligating 
group showed increased bleeding on probing index scores, indicating an increased tendency for 
the gums to bleed. The change in the Bleeding Index from T0 to T2 was significantly higher in 
Clear Aligner group as compared to the Self-ligating group only.  These observations are 
contrary to Ristic et al. 13 who reported a decrease in periodontal parameters after 3 months of 
conventional fixed appliance therapy and Karkhanechi et al. 37 who also compared Clear 
Aligners to conventional appliances for a duration of 12 months and reported that periodontal 
indices in the fixed buccal appliance group reached maximal values 6 months after placement 
of appliances, followed by a decrease at 12 months, contrary to our observations of an increase 
in periodontal parameters from baseline values. However, they also reported less plaque 
accumulation with removable aligners at 6 and 12 months when compared to fixed buccal 
appliances, similar to our observation. Their study was not a randomized trial, however, which 
may have introduced a bias in that subjects more willing to perform oral hygiene procedures 
may have been assigned to the aligner group. This may possibly suggest either patient 
variability to maintain oral hygiene or the fact that after the initial trend of an improvement in 
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 periodontal parameters during the early phase of orthodontic treatment when the patient 
motivation is high, during the later stages of treatment the patient motivation to maintain good 
oral hygiene may be lacking thus leading to an increase in periodontal scores beyond the 
baseline values. Contrary to our results, Meitheke et al. 36 reported all periodontal indices 
showed an improvement from the first to the third visit with Clear Aligners, which they 
attributed to oral hygiene instructions (OHI) given to patients. However, they also did not 
report any significant differences between Clear Aligners versus conventional fixed appliances, 
similar to our observation.  
Regarding root resorption, our results indicated there was a difference between the three groups 
only for lateral incisor and there was no significant difference between the various groups in the 
premolar region.  In the lateral incisor region, the amount of resorption was significantly less in 
the Clear Aligner group as compared to the self-ligating group and conventional bracket group. 
There was no difference between the self-ligating group and conventional bracket group. Within 
the Clear Aligner group, there was no difference between the amount of root resorption of lateral 
incisor and premolar. Within the Self-ligating group and Conventional bracket group there was 
more root resorption associated with the lateral incisor as compared to the premolar. Pandis et 
al.71 compared the amount of root resorption between conventional brackets and self-ligating 
brackets and found no difference. Similar finding were reported by Leite et al. 72 Clear Aligners 
are removable orthodontic appliances which can be removed by the patient for eating and oral 
hygiene practices, which results is absolutely no force on teeth for an average of 2-3 hours a day. 
Such kind of orthodontic force is said to be interrupted/interrupted/discontinuous force. Aras B 
et al. 73 compared intermittent force with continuous force and found that the amount of root 
resorption was significantly less with intermittent force as compared to continuous force. The 
smaller amount of resorption with intermittent force as compared to continuous force applied to 
the teeth by fixed orthodontic appliances is attributed to short periods of rest, which help the 
cementum heal. 57 Moreover, the amount of the force applied by Clear Aligners has been shown 
to be relatively low compared to the fixed orthodontic appliances. Barbagallo et al.45 compared 
Clear Aligners, heavy force, light force and no force in the ex-vivo study and compared the 
amount of root resorption using scanning electron microscopy and found that the Clear Aligners 
resulted in a similar amount of root resorption as the light orthodontic force of 25 grams. 
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CONCLUSIONS 
Microbiological  
1. Total bacterial count decreased in premolar region in the Clear Aligner group during T1-T0, 
but during the entire period of the observation (T2-T0) total bacterial count increased in all 
groups and there was no difference among the three groups.  
2. S. mutans count decreased in the premolar region in Clear Aligner group during T1-T0 and 
this difference was significantly different from the conventional bracket group. During the 
entire period of observation (T2-T0), S. mutans count decreased in the Clear Aligner group 
and was significantly different from the conventional bracket group.  
3. Total bacterial count increased in all groups in the lateral incisor region. There was no 
difference among the three groups at any time points.   
4. S. mutans count increased in all groups in the lateral incisor region. There was no difference 
among the three groups at any time points.   
Periodontal Health 
1. Gingival index in the premolar region worsened over the entire period of the observation. 
The change in the gingival index was least in the Clear Aligner group from T1-T0 and T2-
T0 and was statistically smaller than the self-ligating bracket group and conventional 
bracket group.  
2. Plaque index score for the premolar region increased over the entire period of the 
observation. 
The change in the plaque index was similar in all groups, with the Clear Aligner group and 
the self-ligating group having better scores compared the conventional bracket group.  
3. Bleeding index for the premolar region decreased in the Clear Aligner group but increased 
in the self-ligating as well as conventional bracket groups. There was no significant 
difference among the three groups.  
4. Gingival index worsened in the lateral incisor region over the entire period of observation 
(T2-T0) with the minimum increase in the Clear Aligner group and the largest increase in 
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 the self-ligating group. The gingival index of the Clear aligner group was statistically 
smaller than the conventional bracket group as well as the self-ligating bracket group. There 
was no difference between the conventional bracket group and self-ligating bracket group.  
5. Plaque index score for the lateral incisor increased over the entire period of the observation. 
The change in the plaque index was similar in all groups, with the smallest change in the 
Clear Aligner group and the largest change in the conventional bracket group.  
6. Bleeding index for the lateral incisor region decreased in the Clear Aligner group but 
increased in the self-ligating as well as conventional bracket groups. The change in bleeding 
index over the entire period of the study (T2-T0) was statistically greater in the self-ligating 
group as compared to the Clear Aligner and conventional bracket groups. There was no 
significant difference between the Clear Aligner and conventional bracket groups. 
Root Resorption:  
1. The null hypothesis that there is no difference in the amount of root resorption due to 
orthodontic treatment carried out with conventional brackets, self-ligating brackets and 
clear aligners is rejected.  
2. Overall, there is more resorption of the lateral incisor root as compared to 2nd premolar root. 
3. There is less lateral incisor root resorption in the Clear Aligner group as compared to the 
conventional and self-ligating bracket groups. 
4. There is no difference in the amount of root resorption of the 2nd premolar caused by the 
three orthodontic appliances.   
5. In the Clear Aligner group, there is no difference between the root resorption of the lateral 
incisor and 2nd premolar.  
6. In the conventional as well as the self-ligating group, the lateral incisor had significantly 
more root resorption as compared to the 2nd premolar.  
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 FIGURES 
 
Figure 1: The ‘four-pass’ technique for plaque sample collection at T1. 
 
 
 
 
Figure 2: Method to calculate Root Resorption  
 
 
 
 
38  
  
 
 
 
 
 
 
 
 
 
 
 
 
TABLES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
39  
 Table 1: Descriptive Demographic Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  N Mean Std. Deviation 
P Value 
(Sig. < 
.05)  
Post Hoc Intergroup 
Comparison (Sig. < 
.05)  
AGE at T0 G1 24 21.44 11.63 0.02 G1 Vs G2 0.035 
G2 16 14.83 4.26 G2 Vs G3 0.765 
G3 19 14.47 3.99 G3 Vs G1 0.012 
Total 59 17.40 8.64     
Time of treatment 
T1-T0 
G1 24 9.93 3.04 0.45     
G2 16 10.31 2.40     
G3 19 10.33 1.84     
Total 59 10.16 2.50     
Time of treatment 
T2-T1 
G1 24 7.04 5.07 0.43     
G2 16 7.70 4.54     
G3 19 9.11 5.08     
Total 59 7.89 4.93     
Time of treatment 
T2-T0 
G1 24 16.83 5.11 0.20     
G2 16 17.40 6.28     
G3 19 19.52 4.40     
Total 59 17.85 5.29     
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 Table 2: Tests of Normality for Microbiological Baseline Data (T0)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
GROUP 
Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
Total Bacterial 
Count Premolar 
(TBT0P) 
G1 .302 24 .000 .630 24 .000 
G2 .426 15 .000 .341 15 .000 
G3 .377 19 .000 .643 19 .000 
Total Bacterial 
Count Lateral Incisor 
(TBT0L) 
G1 .380 24 .000 .334 24 .000 
G2 .376 15 .000 .404 15 .000 
G3 .296 19 .000 .662 19 .000 
S. mutans Count 
Premolar (SMT0P) 
G1 .485 24 .000 .228 24 .000 
G2 .321 15 .000 .550 15 .000 
G3 .358 19 .000 .597 19 .000 
S. mutans Count 
Lateral Incisor 
(SMT0L) 
G1 .412 24 .000 .361 24 .000 
G2 .457 15 .000 .443 15 .000 
G3 .333 19 .000 .511 19 .000 
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Table 3: Total Bacterial Count for Premolar  
  N Mean Std. Deviation 
P Value 
(Sig. < 
.05)  
Post Hoc Intergroup 
Comparison (Sig. < 
.05)  
Total Bacterial Count 
at T0- Premolar 
(TBT0P) 
G1 24 790932.17 1378443.70 0.30     
G2 16 478422.50 1580360.09     
G3 19 441922.63 775640.80     
Total 59 593790.88 1270206.29     
Total Bacterial Count 
at T1 Premolar 
(TBT1P) 
G1 24 596540.42 993149.21 0.38     
G2 16 3274401.88 9236947.59     
G3 19 1087305.26 1810409.97     
Total 59 1480783.05 4973516.90     
Total Bacterial Count 
at T2 Premolar 
(TBT2P) 
G1 24 1062181.25 1467860.38 0.28     
G2 15 956973.33 1114611.05     
G3 19 1484431.58 1500207.06     
Total 58 1173295.69 1391060.84     
Total Bacterial Count 
Difference T1-T0 
Premolar (TBT1-
T0P) 
G1 24 -194391.75 803892.34 0.03 G1 Vs G2 0.024 
G2 16 2795979.38 9334776.41 G2 Vs G3 0.716 
G3 19 645382.63 1646476.83 G3 Vs G1 0.031 
Total 59 886992.17 5014139.53     
Total Bacterial Count 
Difference T2-T1 
Premolar (TBT2-
T1P) 
G1 24 465640.83 1317229.07 0.41     
G2 15 -2514388.67 9087741.43     
G3 19 397126.32 1754311.08     
Total 58 -327500.86 4863639.22     
 Total Bacterial Count 
Difference T2-T0 
Premolar (TBT2-
T0P) 
G1 24 271249.08 1533372.62 0.10     
G2 15 457989.33 2159795.39     
G3 19 1042508.95 1066876.00     
Total 58 572198.07 1602872.35     
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Table 4: S. mutans Count for Premolar  
  N Mean Std. Deviation 
P 
Value 
(Sig. 
< .05)  
Post Hoc Intergroup 
Comparison (Sig. < .05)  
S. Mutans count at T0 
Premolar (SMT0P) 
G1 24 81643.08 372645.20 0.52     
G2 16 9809.44 21057.25     
G3 19 1103.16 2104.90     
Total 59 36226.19 237977.19     
S. Mutans count at T1 
Premolar (SMT1P) 
G1 24 52627.88 197364.37 0.38     
G2 16 83576.50 197308.06     
G3 19 159600.00 649299.12     
Total 59 95469.37 398119.11     
S. Mutans count at T2 
Premolar (SMT2P) 
G1 24 24765.08 50362.30 0.12     
G2 15 46697.87 122270.20     
G3 19 86152.63 157404.39     
Total 58 50547.07 115003.40     
S. Mutans count Difference  
T1- T0 Premolar (SMT1-
T0P) 
G1 24 -29015.21 431018.47 0.04 G1 Vs G2 0.4 
G2 16 73767.06 191890.82 G2 Vs G3 0.031 
G3 19 158496.84 649465.97 G3 Vs G1 0.031 
Total 59 59243.19 469688.23     
S. Mutans count Difference  
T2- T1 Premolar (SMT2-
T1P) 
G1 24 -27862.79 199132.45 0.58     
G2 15 -42353.07 153591.60     
G3 19 -73447.37 653210.15     
Total 58 -46543.16 396143.59     
S. Mutans count Difference  
T2- T0 Premolar (SMT2-
T0P) 
G1 24 -56878.00 379777.97 0.04 G1 Vs G2 0.954 
G2 15 36501.13 124878.96 G2 Vs G3 0.05 
G3 19 85049.47 157272.16 G3 Vs G1 0.017 
Total 58 13765.26 271607.97     
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Table 5: Total Bacterial Count for Lateral Incisor   
  N Mean Std. Deviation 
P 
Value 
(Sig. < 
.05)  
Post Hoc Intergroup 
Comparison (Sig. < 
.05)  
Total Bacterial Count at T0- 
Lateral Incisor (TBT0L) 
G1 24 2749243.38 8980460.45 0.58    
G2 16 821299.44 1800021.31    
G3 19 1102852.68 1810011.79    
Total 59 1696217.51 5883995.11    
Total Bacterial Count at T1 
Lateral Incisor (TBT1L) 
G1 24 920079.17 1704305.93 0.11    
G2 16 1325708.75 1945610.62    
G3 19 5049857.89 10621592.51    
Total 59 2360009.15 6377039.49    
Total Bacterial Count at T2 
Lateral Inciosr (TBT2L) 
G1 24 2874565.83 6028764.76 0.59    
G2 15 1836918.00 1578563.05    
G3 19 1461210.53 1812461.60    
Total 58 2143212.93 4089044.38    
Total Bacterial Count 
Difference T1-T0 Lateral 
Incisor (TBT1-T0L) 
G1 24 -
1829164.21 
8337114.93 0.13 
   
G2 16 504409.31 1878663.89    
G3 19 3947005.21 9562097.93    
Total 59 663791.64 7934855.90    
Total Bacterial Count 
Difference T2-T1 Lateral 
Incisors (TBT2-T1L) 
G1 24 1954486.67 4781990.91 0.13    
G2 15 425095.33 1721875.57    
G3 19 -
3588647.37 
10493588.37 
   
Total 58 -256899.83 7114093.68    
 Total Bacterial Count 
Difference T2-T0 Lateral 
Incisor (TBT2-T0L) 
G1 24 125322.46 7059856.88 0.38    
G2 15 1202198.60 2130288.17    
G3 19 358357.84 2043525.74    
Total 58 480164.09 4768651.05     
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Table 6: S. mutans Count for Lateral Incisor   
  N Mean Std. Deviation 
P 
Value 
(Sig. < 
.05)  
Post Hoc Intergroup 
Comparison (Sig. < 
.05)  
S. Mutans count at T0 Lateral 
Incisor (SMT0L) 
G1 24 40935.25 129561.19 0.22     
G2 16 41735.13 113399.87     
G3 19 10707.00 23723.56     
Total 59 31417.64 101805.32     
S. Mutans count at T1 Lateral 
Incisor (SMT1L) 
G1 24 130320.92 426142.36 0.26     
G2 16 104659.50 388389.08     
G3 19 824875.63 3286475.57     
Total 59 347032.05 1890363.10     
S. Mutans count at T2 lateral 
Incisor (SMT2L) 
G1 24 94161.67 237992.60 0.23     
G2 15 121149.80 342380.92     
G3 19 48054.21 110025.70     
Total 58 86037.19 237282.40     
S. Mutans count Difference  T1- 
T0 Lateral Incisor (SMT1-T0L) 
G1 24 89385.67 435766.08 0.06     
G2 16 62924.38 414822.06     
G3 19 814168.63 3279700.83     
Total 59 315614.41 1891619.75     
S. Mutans count Difference  T2- 
T1 Lateral Incisor (SMT2-T1L) 
G1 24 -36159.25 508275.37 0.89     
G2 15 10379.67 124533.14     
G3 19 -776821.42 3182703.99     
Total 58 -266754.03 1853698.72     
S. Mutans count Difference  T2- 
T1 Lateral Incisor (SMT2-T0L) 
G1 24 53226.42 272701.54 0.41     
G2 15 76965.67 374183.43     
G3 19 37347.21 107042.36     
Total 58 54164.07 261240.11     
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Table 7: Tests of Normality for Periodontal Health Baseline Data   
  
Kolmogorov-Smirnova Shapiro-Wilk 
  df Sig. Statistic Sig. 
AGE at T0   59 .000 .686 0.00 
Gingival Index at T0 
Premolar (GIT0P) 
  59 .000 .511 0.00 
Gingival Index T0 
Lateral (GIT0L)  
  59 .000 .691 0.00 
Plaque Index at T0 
Premolar (PIT0P)  
  59 .000 .735 0.00 
Plaque Index at T0 
Lateral Incisor 
(PIT0L)  
  59 .000 .794 0.00 
Bleeding Index at T0 
Premolar (BIT0P)  
  59 .000 .711 0.00 
Bleeding Index at T0 
Lateral Incisor 
(BIT0L)  
  59 .000 .780 0.00 
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Table 8: Gingival Index for Premolar   
  
  
N Mean Std. Deviation 
P Value 
Sig. < 
0.05 
Post Hoc Intergroup 
Comparison (Sig. < 
.05)    
Gingival 
Index at 
T0 
Premolar 
(GIT0P) 
Group 1 G1 24 .42 .504 0.01 G1 Vs G2 0.052 
Group 2 G2 16 .13 .342 G2 Vs G3 0.453 
Group 3 G3 19 .05 .229 G3 Vs G1 0.007 
Total Total 59 .22 .418     
Gingival 
Index at 
T1 
Premolar 
(GIT1P) 
Group 1 G1 24 .50 .590 0.00 G1 Vs G2 0.017 
Group 2 G2 16 1.00 .632 G2 Vs G3 0.436 
Group 3 G3 19 1.21 .787 G3 Vs G1 0.003 
Total Total 59 .86 .730     
Gingival 
Index at 
T2 
Premolar 
(GIT2P) 
Group 1 G1 24 .75 .532 0.01 G1 Vs G2 0.255 
Group 2 G2 15 1.00 .655 G2 Vs G3 0.092 
Group 3 G3 19 1.32 .671 G3 Vs G1 0.005 
Total Total 58 1.00 .649     
Gingival 
Index T1-
T0 
Premolar 
(GIT1-
T0P) 
Group 1 G1 24 .08 .504 0.00 G1 Vs G2 0.001 
Group 2 G2 16 .88 .719 G2 Vs G3 0.325 
Group 3 G3 19 1.16 .834 G3 Vs G1 0 
Total Total 59 .64 .826 
    
Gingival 
Index T2-
T1 
Premolar  
(GIT2-
T1P) 
Group 1 G1 24 .25 .532 0.36     
Group 2 G2 15 -.07 .594     
Group 3 G3 19 .11 .994     
Total Total 58 .12 .727 
    
Gingival 
Index T2-
T0 
Premolar 
(GIT2-
T0P) 
Group 1 G1 24 .33 .637 0.00 G1 Vs G2 0.024 
Group 2 G2 15 .87 .834 G2 Vs G3 0.081 
Group 3 G3 19 1.26 .653 G3 Vs G1 0 
Total Total 58 .78 .796 
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Table 9: Plaque Index for Premolar   
 
  
  
N Mean Std. Deviation 
P Value 
Sig. < 
0.05 
Post Hoc Intergroup 
Comparison (Sig. < 
.05)    
Plaque Index at T0 
Premolar (PIT0P) 
G1 24 .50 .511 0.54    
G2 16 .69 .479    
G3 19 .68 .749    
Total 59 .61 .588    
Plaque Index at T1 
Premolar (PIT1P) 
G1 24 .83 .482 0.01 G1 Vs G2 0.009 
G2 16 1.38 .719 G2 Vs G3 0.776 
G3 19 1.32 .671 G3 Vs G1 0.011 
Total 59 1.14 .655    
Plaque Index at T2 
Premolar (PIT2P) 
G1 24 .92 .584 0.11    
G2 15 1.07 .594    
G3 19 1.32 .671    
Total 58 1.09 .629    
Plaque Index T1-T0 
Premolar (PIT1-T0P) 
G1 24 .33 .565 0.48    
G2 16 .69 .946    
G3 19 .63 .955    
Total 59 .53 .817    
Plaque Index T2-T1 
Premolar (PIT2-T1P) 
G1 24 .08 .408 0.29    
G2 15 -.33 .900    
G3 19 0.00 .816    
Total 58 -.05 .711    
Plaque Index T2-T0 
Premolar (PIT2-T0P) 
G1 24 .42 .584 0.60    
G2 15 .40 .828    
G3 19 .63 1.116    
Total 58 .48 .843     
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Table 10: Bleeding Index for Premolar   
 
  
  
N Mean Std. Deviation 
P Value 
Sig. < 
0.05 
Post Hoc Intergroup 
Comparison (Sig. < 
.05)    
Bleeding Index at T0 
Premolar (BIT0P) 
G1 24 .50 .780 0.72    
G2 16 .56 .727    
G3 19 .63 .761    
Total 59 .56 .749    
Bleeding Index at T1 
Premolar (BIT1P) 
G1 24 .58 .776 0.01 G1 Vs G2 0.016 
G2 16 1.38 1.147 G2 Vs G3 0.931 
G3 19 1.32 1.003 G3 Vs G1 0.01 
Total 59 1.03 1.017    
Bleeding Index at T2 
Premolar (BIT2P) 
G1 24 .46 .721 0.34    
G2 15 .73 1.100    
G3 19 .84 1.015    
Total 58 .66 .928    
Bleeding Index T1-T0 
Premolar (BIT1-T0P) 
G1 24 .08 1.176 0.17    
G2 16 .81 1.471    
G3 19 .68 1.057    
Total 59 .47 1.251    
Bleeding Index at T2-
T1 Premolar (BIT2-
T1P) 
G1 24 -.13 .850 0.32    
G2 15 -.73 1.163    
G3 19 -.47 1.073    
Total 58 -.40 1.025    
Bleeding Index at T2-
T0 Premolar (BIT2-
T0P) 
G1 24 -.04 .859 0.69    
G2 15 .13 1.506    
G3 19 .21 1.032    
Total 58 .09 1.097     
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Table 11: Gingival Index for Lateral Incisor  
 
  
  
N Mean Std. Deviation 
P Value 
Sig. < 
0.05 
Post Hoc Intergroup 
Comparison (Sig. < 
.05)    
Gingival Index T0 
Lateral (GIT0L) 
G1 24 .58 .717 0.54     
G2 16 .38 .500     
G3 19 .37 .597     
Total 59 .46 .625     
Gingival Index at T1 
Lateral (GIT1L) 
G1 24 .75 .676 0.00 G1 Vs G2 0.073 
G2 16 1.19 .750 G2 Vs G3 0.125 
G3 19 1.53 .697 G3 Vs G1 0.001 
Total 59 1.12 .768     
Gingival Index at T2 
Lateral (GIT2L) 
G1 24 1.08 .584 0.03 G1 Vs G2 0.006 
G2 15 1.73 .704 G2 Vs G3 0.469 
G3 19 1.53 .905 G3 Vs G1 0.082 
Total 58 1.40 .771     
Gingival Index T1-T0 
Lateral (GIT1-T0L) 
G1 24 .17 .637 0.00 G1 Vs G2 0.006 
G2 16 .81 .655 G2 Vs G3 0.212 
G3 19 1.16 .834 G3 Vs G1 0 
Total 59 .66 .822     
Gingival Index T2-T1 
Lateral (GIT2-T1L) 
G1 24 .33 .637 0.13     
G2 15 .47 .834     
G3 19 0.00 .667     
Total 58 .26 .715     
Gingival Index T2-T0 
Lateral (GIT2-T0L) 
G1 24 .50 .590 0.00 G1 Vs G2 0 
G2 15 1.33 .617 G2 Vs G3 0.566 
G3 19 1.16 1.068 G3 Vs G1 0.022 
Total 58 .93 .856     
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Table 12: Plaque Index for Lateral Incisor  
 
  
  
N Mean Std. Deviation 
P Value 
Sig. < 
0.05 
Post Hoc Intergroup 
Comparison (Sig. < 
.05)    
Plaque Index at T0 
Lateral Incisor 
(PIT0L) 
G1 24 .58 .717 0.42     
G2 16 .75 .447     
G3 19 .89 .937     
Total 59 .73 .739     
Plaque Index at T1 
Lateral Incisor 
(PIT1L) 
G1 24 .96 .550 0.14     
G2 16 1.19 .544     
G3 19 1.47 .964     
Total 59 1.19 .730     
Plaque Index at T2 
Lateral Incisor 
(PIT2L) 
G1 24 .88 .537 0.00 G1 Vs G2 0.005 
G2 15 1.47 .640 G2 Vs G3 0.505 
G3 19 1.63 .831 G3 Vs G1 0.002 
Total 58 1.28 .744     
Plaque Index T1-T0 
Lateral Incisor (PIT1-
T0L) 
G1 24 .38 .647 0.75     
G2 16 .44 .512     
G3 19 .58 1.017     
Total 59 .46 .750     
Plaque Index T2-T1 
Lateral Incisor (PIT2-
T1L) 
G1 24 -.08 .408 0.18     
G2 15 .27 .458     
G3 19 .16 .898     
Total 58 .09 .629     
Plaque Index T2-T0 
Lateral Incisor (PIT2-
T0L) 
G1 24 .29 .690 0.17     
G2 15 .73 .594     
G3 19 .74 1.195     
Total 58 .55 .882     
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Table 13: Bleeding Index for Lateral Incisor  
 
  
  
N Mean Std. Deviation 
P Value 
Sig. < 
0.05 
Post Hoc Intergroup 
Comparison (Sig. < 
.05)    
Bleeding Index at T0 
Lateral Incisor 
(BIT0L) 
G1 24 .67 .816 0.82    
G2 16 .88 1.025    
G3 19 .84 .958    
Total 59 .78 .911    
Bleeding Index at T1 
lateral  Incisor 
(BIT1L) 
G1 24 .50 .659 0.02 G1 Vs G2 0.058 
G2 16 1.06 .998 G2 Vs G3 0.561 
G3 19 1.21 .918 G3 Vs G1 0.007 
Total 59 .88 .892     
Bleeding Index at T2 
Lateral Incisor 
(BIT2L) 
G1 24 .54 .779 0.01 G1 Vs G2 0.003 
G2 15 1.67 1.234 G2 Vs G3 0.41 
G3 19 1.32 1.108 G3 Vs G1 0.014 
Total 58 1.09 1.113     
Bleeding Index T1-T0 
Lateral Incisor (BIT1-
T0L) 
G1 24 -.17 1.090 0.32     
G2 16 .19 1.047     
G3 19 .37 1.383     
Total 59 .10 1.185     
Bleeding Index at T2-
T1 Lateral Incisor 
(BIT2-T1L) 
G1 24 .04 .624 0.24     
G2 15 .53 .990     
G3 19 .11 .809     
Total 58 .19 .805     
Bleeding Index at T2-
T0 Lateral Incisor 
(BIT2-T0L) 
G1 24 -.13 .992 0.03 G1 Vs G2 0.009 
G2 15 .80 1.207 G2 Vs G3 0.305 
G3 19 .47 1.429 G3 Vs G1 0.106 
Total 58 .31 1.245     
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Table 14:  Tests of Normality for Root Resorption Baseline Data 
 
GROUP 
Kolmogorov-Smirnova Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
T2 - T0 Invisalign .103 24 .200* .966 24 .578 
Self Ligating .152 11 .200* .933 11 .441 
Conventional 
Brackets 
.154 18 .200* .964 18 .679 
Lateral 
Incisor 
Crown 
Length at 
T0 
Invisalign .178 24 .049 .933 24 .116 
Self Ligating .266 11 .029 .866 11 .068 
Conventional 
Brackets 
.178 18 .135 .909 18 .083 
Lateral 
Incisor 
Root 
Length at 
T0 
Invisalign .147 24 .195 .953 24 .313 
Self Ligating .164 11 .200* .975 11 .934 
Conventional 
Brackets 
.272 18 .001 .810 18 .002 
Lateral 
Incisor 
Crown 
Length at 
T2 
Invisalign .160 24 .116 .924 24 .073 
Self Ligating .256 11 .042 .852 11 .045 
Conventional 
Brackets 
.097 18 .200* .980 18 .948 
Estimated 
Root 
Length of 
Lateral 
Incisor 
Invisalign .137 24 .200* .958 24 .401 
Self Ligating .242 11 .071 .779 11 .005 
Conventional 
Brackets 
.112 18 .200* .971 18 .819 
Measured 
Root 
Length of 
Lateral 
Incisor at 
T2 
Invisalign .118 24 .200* .965 24 .542 
Self Ligating .255 11 .043 .888 11 .133 
Conventional 
Brackets 
.106 18 .200* .964 18 .685 
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Table 15: Root Resorption intergroup analysis 
 
  N Mean Std. Deviation 
P 
Value 
(Sig. 
< 
.05)  
Post Hoc 
Intergroup 
Comparison (Sig. < 
.05)  
T2 - T0 Invisalign 24 16.83 5.11 0.13    
Self Ligating 14 19.09 4.01 
   
Conventional 
Brackets 
19 19.52 4.40 
   
Total 57 18.28 4.72    
Lateral 
Incisor 
Crown 
Length at 
T0 
Invisalign 24 6.66 2.04 0.79    
Self Ligating 14 6.54 1.96 
   
Conventional 
Brackets 
19 6.14 1.65 
   
Total 57 6.46 1.88    
Lateral 
Incisor 
Root 
Length at 
T0 
Invisalign 24 12.58 4.83 0.89    
Self Ligating 14 12.47 4.18 
   
Conventional 
Brackets 
19 11.99 4.44 
   
Total 57 12.36 4.48    
Lateral 
Incisor 
Crown 
Length at 
T2 
Invisalign 24 8.68 1.08 0.77    
Self Ligating 14 8.65 0.82 
   
Conventional 
Brackets 
19 8.41 0.77 
   
Total 57 8.58 0.91    
Estimated 
Root 
Length of 
Lateral 
Incisor 
Invisalign 24 15.99 2.66 0.50    
Self Ligating 14 16.35 2.57 
   
Conventional 
Brackets 
19 16.08 2.37 
   
Total 57 16.11 2.50    
Measured 
Root 
Length of 
Lateral 
Incisor at 
T2 
Invisalign 24 15.68 2.77 0.96    
Self Ligating 14 15.44 2.73 
   
Conventional 
Brackets 
19 15.32 2.89 
   
Total 57 15.50 2.75    
Lateral 
Incisor 
Root 
Resorption 
Invisalign 24 0.31 0.39 0.04 G1 Vs G2 0.049 
Self Ligating 14 0.91 0.94 
G2 Vs G3 0.971 
Conventional 
Brackets 
19 0.75 0.99 
G3 Vs G1 0.022 
Total 57 0.60 0.81    
54  
 2nd 
Premolar 
Crown 
Length at 
T0 
Invisalign 24 5.88 1.98 0.93    
Self Ligating 11 5.83 2.11 
   
Conventional 
Brackets 
18 5.65 1.76 
   
Total 53 5.80 1.90    
2nd 
Premolar 
Root 
Length at 
T0 
Invisalign 24 11.14 3.78 0.60    
Self Ligating 11 9.56 2.69 
   
Conventional 
Brackets 
18 10.79 3.55 
   
Total 53 10.69 3.49    
2nd 
Premolar 
Crown 
Length at 
T2 
Invisalign 24 7.60 1.35 0.58    
Self Ligating 11 8.08 1.10 
   
Conventional 
Brackets 
18 7.78 1.10 
   
Total 53 7.76 1.21    
Estimated 
Root 
Length of 
2nd 
Premolar 
Invisalign 24 14.23 1.91 0.55    
Self Ligating 11 13.64 2.82 
   
Conventional 
Brackets 
18 14.80 1.99 
   
Total 53 14.30 2.15    
Measured 
Root 
Length of 
2nd 
Premolar 
at T2 
Invisalign 24 14.06 1.89 0.51    
Self Ligating 11 13.48 2.79 
   
Conventional 
Brackets 
18 14.58 2.01 
   
Total 53 14.12 2.14    
2nd 
Premolar 
Root 
Resorption 
Invisalign 24 0.17 0.10 0.54    
Self Ligating 11 0.16 0.11 
   
Conventional 
Brackets 
18 0.21 0.13 
   
Total 53 0.18 0.11     
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Table 16: Overall and Intra-Group Root Resorption Between Lateral Incisor and Premolar 
 
Group Lateral Incisor Premolar Wilcoxon 
Signed Ranks 
Test (Sig. < .05) 
Mean Root 
Resorption 
SD Mean Root 
Resorption 
SD 
Overall .60 .81 .18 .11 0.001 
Clear Aligner 
Group (G1) 
0.31 0.39 
 
0.17 
 
0.10 
 
 
0.304 
Self-Ligating 
Bracket Group 
(G2) 
0.91 
 
0.94 
 
0.16 
 
0.11 
 
0.026 
Conventional 
Bracket Group 
(G3) 
0.75 
 
0.99 
 
0.21 
 
0.13 
 
0.022 
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